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ABSTRACT

Results of the Javelin 8.46 VLF electric and magnetic
fields experiment flown from Ft. Churchill, Canada, on May 2§,
1968, are discussed. This experiment carried three orthogonal
magnetic loop antennas, three orthogonal long (3.16 meters)
electric dipoles, two short (42 cm) electric dipoles, and
six wideband (30 Hz to 10 kHz) receivers for amplifying
signals from the various VLF antennas. Intense noise bursts
with frequencies less than about 1.5 kHz were observed on all
the electric antennas below 500 km altitude, but not on the
loop antennas. The precession and spin modulation of these
noise bursts suggest that the noise is generated by an in-
teractioii between the payload and the surrounding plasma.
High frequency electrostatic noise bursts, from 5 to 30 kHz,
were observed throughout the flight. 7These noise bursts,
similar in some respects to lower-hybrid-resonance noise
commonly observed with satellite VLF electric field experi-
ments, also appear to involve an interaction between the pay-
load and the surrounding plasma. Attenuation bands at har-
monics of the proton gyrofrequency were also found in the

frequency spectra of electric field noise observed during a

portion of the flight,



I. INTRODUCTION

This paper describes a very-low-frequency (VLF) elec-
tric and magnetic field fields experiment flown on the Javelin
8.46 sounding rocket from Ft. Churchill, Canada, and summarizes
the amplitudes and frequency spectra of electr. :atic and
electromagnetic nuise observed during the flight.

The scientifi:;objectives of this experiment were to
determine the amplitude and frequency spectra of naturally
occurring electric and magnetic fields in the auroral zone
over the frequency range from about 30 Hz to 10 kHz, to
compare observed plasma wave phenomena with low energy (Sev
to 50,000 eV) charged particle flux measurements on the same
payload, and to investigate the performance of the clectric
dipole antennas by comparing the signals received with differ-
ent types of electric dipole antennas.

The payload instrumentation used on this flight is
very similar to the VLF electric and magnetic field exper-
iment flown on the Javelin 8.45 sounding rocket from Wallops

Island, Virginia, in September 1967, and described by Shawhan
and Gurnett [1968].



II. DESCRIPTION OF INSTRUMENTATION

The payload instrumentation consists of eight antennas
and six receivers for the detection of VLF electric and
magnetic fields and an electrostatic analyzer for the mea-
surement of electron and proton fluxes in the energy range
from 5 eV to 50,000 eV. The electrostatic analyzer is a
Low-Energy Proton and Electron Differential Energy Analyzer
(LEPEDEA) of the type described by Frank [1967]). Figure 1
illustrates the mechanical arrangement of the various VLF
antennas on the payload. Two different length electric
dipole antennas are used. The long electric dipoles,
parallel to the x-and y-axes, are of the type described by
Storey [1965], each consisting of two spherical antenna ele-
ments 15.3 cm in diameter with a center-to-center separation
of 3.16 meters. Two different types of spheres are used,
solid conducting spheres for the y-axis elements, and
approximately 90% transparent wire gird spheres for the x-
axis elements. The z-axis antenna consists of a conducting
conical element, 18 cm in diameter and 13 cm high, on the
end of the z-axis boom (see Figure 1). The second element

of the z-axis antenna consists of the conducting rocket btody.



The center-to-center separation between the conical z-axis
element and the rocket body is approximately 3 meters. The
booms suppor ing these antenna elements are insulated from
the payload and the spheres, and are coated with a noncon-
ducting paint to insulate the booms from the surrounding
plasma. The short electric dipoles, parallel to the x-and
y-axes, are similar to the long antennas except for the di-
mension. The center-to-center separation between the short
dipole antenna spheres is about 42 cm and the diameter of
the spheres is 7.6 cm. Since the potential difference be-
tween the spheres, for long wavelength electric fields, is
proportional to the antenna length; measurements from a para-
llel set of long and short antennas can be used to confirm
that observed potential fluctuations are due to long wave-
length electric fields. The solid and grid spheres are
used to compare resistive vs. capacitive coupling of the
spheres to the surrounding plasma.

A high input impedance unity gain preamplifier is
located inside each of the large spheres to provide signals
to main payload electronics proportional to the sphere
potential. The input impedance of the preamplifiers is

very large and can be rep:esented by a 20-megohm resistance



in parallel with 10 pf capacitance. The booms are driven
by the output from the unit gain preamplifier to reduce the
capacitance between the sphere and the boom. The noise level

0°13 voits?/Hz. The unity

of these preamplifiers is about 1
gain preamplifiers for the small spheres are located at the
base of the small sphere booms and have an input impedance
which can be represented by a 100 megohm resistor in parallel
with a 3 pf capacitance. The noise level of these preampli-

12 voltsZ/Hz.

fiers is about 10~
The three orthogonal magnetic loop antennas used for
detecting magnetic fields are shown in Figure 1. Each loop
consists of two turns of #14 stranded copper wire and is
e'ectrostatically shielded. The z-axis loop is a square
loop with an area of 1.6 metersz running between points
approximately half way out the x-and y-axes booms. The
x-and y-axes loops are triangular loops, with areas of 0.8
metersz, running from the top of the payload to the booms
and back through the payload. The loops are matched to the
preamplifiers by a transformer with a 200:1 turns ratio.
The sensitivity of the magnetic antenna system is approxi-

mately 2.5 X 10°%/£? (gammaz/Hz), where f is the frequency

in hertz.



Signals from the antennas are processed in two fre-
quency bands, 30 tc 650 Hz, hereafter referred to as the '"low"
band, and 650 Hz to 10 kHz, hereafter referred to as the
"high'" band. The AC signal in each band is logarithmically
compressed and transmitted to the ground broad-band so that
high resolution frequency-time srcctra can be obtained.

Also a DC voltage proportional to the logarithm of the signal
strength in each band is telemet~red to the ground so that

the field intensities in euch high and low band can be
determined. These field intensity measurements cover an

80 dB dynamic range and are made at a rate of approximately

3 samples/second for each band. Because of the large number
of antennas used, it is necessary to commutate some of the
electric antennas with the available receivers. The
commutation sequence used consists of switching the Ex-
short antenna in place of the Ex-long antenna, and the Ey'
short antenna in place of the E ,-long antenna for 8 seconds
out of every 32 seconds. In addition to the high- and low-
band field strength measurements, narrow-band field strength
neasurements are also performed for the E_-long antenna at
7.35, 10.5, 14.5, 22.0, 30.0, 40.0, 52.5, and 70.0 kHz with
bandwidths of ¢ 7.5%.



III. TRAJECTORY, LAUNCH CONDITIONS, AND
PAYLOAD CPERATION

A, Trajector~

The Javelin 8.46 payload was laur-hed at 0518:48 UT,
May 25, 1968, from Ft. Churchill, Canada, (2318:48 1local
time, 70.1° invariant latitude). The payload reached a peak
altitude of 801 km and impacted approximately due east
(azimuth, 8’.9°) of Ft. Churchill, 511 km from the launch
site. The total flight time was 961 seconds.

B. Launch Conditions

The intended launch objective was to fire the rocket
so as to pass over a homogeneous auroral arc and to study a
type of radic noise called VLF hiss which commonly occurs in
association with homogeneous auroral arcs {Morozumi, 1963;
Gurnett, 1966]). The rocket was successfully launched with
an auroral arc under the flight trajectory as determined
visually from the launch site. The aurora was observed to
remain under the trajectory throughout the flight. Unfor-
tunately, because of the twilight conditions which existed
at night during late May at Ft. Churchill, the all-sky

camera records were of such poor quality as to prohibit a



quantitative determination of the location of the aurora in
relation to the flight trajectory. The LEPEDEA charged
particle detector on board the payload did, however, detect

intense fluxes (~ 108 2

particles/cm” sterad keV) of low energy
protons (100 eV - 10 keV) during the flight which are presumed
to be responsible for the auroral light emission [L. A. Frank,
personal communication) obse.ved visually. No significant
disturbances were observed on either the ground riometer or
magnetometer records throughout tre flight.

C. Payload Operation

At an altitude of approximately 230 km the four
transverse, x-and y-axes, booms opened and locked in the
extended position, as indicated by the appropriate micro-
switch closures telemetered to the ground. The z-axis
antenna, which was erected approximately 10 seconds after
the x-and y-axes booms were opened, apparently did n~t lock
in the fully extended position, as evidenced by the auv.c°r.e
of the appropriate micro-switch closure. The z-axis boom
is, however, believed to have erected to nearly full length
because of the large perturbation of the payload spin which
occurred at the time Qhen the z-axis boom was to be erected,

and because the z-axis electric field intensities subsequcatly



observed were very similar to the electric field intensities
detected with the long x-and y-axes electric antennas.
Analysis ot the triaxis magnetometer data indicated
that the payload :ad a spin period of approximately 6.4
seconds about the z-axis and that the spin axis was precessing
around a cone of approximately 81.3° half-angle with a period
nf 1:.84 seconds. The .rientation of the precession cone was
such that the x-axis of the payload becomes nearlyvy aligred
and anti-aligred with the geomagnetic field once every pre-
cession cycle. The large precession apparently developed
when the z-axis antenna was erected. Because of nulls in
tie transmitting antenna pattern in the positive z-axis
direction, this unexpected end-over-end motion of the z-axis
caused sharp fading to occur in the received telemetry data
whenever the positive z-axis is pointing downward toward
the receiving s.ation. These telemetry fades, while not
seriQusly impairing the data analysis, occurred thkroughout
the flight and can be seen in most of the data presented
in this paper.
At about 301 seconds after liftoff, at an altitude
v£ 520 km on the upgoing part of the trajectory, one of the

two trauasmitters on the payload failed abruptly for unknown
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reasons. The transmititer which failed was used to telemeter
the field strength measurements and the LEPEDEA data. The
remaining transmitter which telemetered the wide-band
electric and magnetic field signals continued to operate

properly throughout the flight.
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IV. LOW-FREQUENCY ELECTRIC FIELD NOISE

Intense low-frequency electric field noise bursts,
with frequencies below about 1.5 kHz, were detected on both
the short and long electric antennas below about 500 km al-
titude. Figure 2 shows the low-band (30 Hz to 650 Hz) rms vol-
tage difference between the spheres for the three orthogonal

(E E_, and Ez) long electric antennas, and the two (Ex

x?
and Ey§ short electric antennas during the upgoing portion

of the flight. The switch indicator at the top of Figure 2
indicates whether the signal strengths are for the long or
short antennas. Intense electric field noise bursts

occurring periodically with peak intensities on the order

of 30 mV are seen in Figure 2 on all the electric antennas
from antenna deployment at 125 seconds up to about 210 seconds
(all times refer to time from liftoff). The periodicity of
these noise bursts correspond to the precession period of the
z-axis of the payload, as can be seen from the plot of the
angle e, between the z-axis and the geomagnetic field shown

in the bottom of Figure 2. No comparable noise . observed
with the magnetic loop antennas.

As can be seen from Figure 2 the electric field noise

bursts occur essentially simultaneously on all antennas and
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the peak noise intensity decreases systematically with in-
creasing altitude. The rms noise voltage observed with the
short Ey antenna can be compared with the corresponding
noise vol.age from the long Ey antenna from 143 to 151
seconds (see Figure 2. Tre nois. voltage observed with the
short antenna is typica.ly about one-third of the noise
voltage observed with tlre long antenna.

The frequency-time sp.ctra of these precession-
modulated noise bursts ace shown in Figure 3 for all the
electric antennas. The switching between the short and long
antennas is indicated by the dark vertical line separating
the x-short and x-long spectra, and the y-short and z-long
spectra. This illustratiun shows that the precession modu-
lation, 6, dependence, is essentially the same for all the
antennas. The precession modulation pattern of this noise
consists of a period during which the noise is undetectable,
-followed by a rapid onset with the upper frequency initially
rising very rapidly. The "envelope" of the noise burst is
aprroximately symmetric about the time at which the z-axis
is parallel to the geomagnetic field.

To determine whether a parallel set of long and short

antennas detect the same electric field signal, a correlation
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analysis was performed on signals from the Ey-short and Ey'
long electric antennas from 175.5 to 180.0 seconds (see
Figure 3) by filtering signals from each channel with iden-
tical €ilters (50 Hz bandwidth) and comparing the phases

of the filtered signals at various center frequencies for

the filter. Surprisingly, no significant correlation was

found between the Ey-short and Ey-long antenna signals.
Similar correlation measurements between pairs of long antennas
and between the two short antennas yielded no correlation.
Thus, even though the noise spectrum of the electric field
observed by the different antennas is very similar, the
correlation length of the electric field noise is apparently

short compared to the antenna length.

Discussion

Low-frequency electric antenna noise very similar to
the precession-modulated noise observed on this flight was
also observed with the Javelin 8.45 VLF experiment launched
at Wallops Island, Virginia [Shawhan and Gurnett, 1968].
Also, Iwai et al. [1968] has observed similar precession-
modulated electric antenna noise in the frequency range from
0.5 to 3.5 kHz with the L-3-2 sounding rocket, and Scarf

[personal communication] has observed possibly related noise
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phenomena with an electric field experiment on a Tomahawk
rocket launched from Ft. Churchill. These repeated obser-
vations indicate that this type of precession-modulated low
frequency electric antenna noise may be a characteristic
feature of rocket-borne electric field measurements at low
altitudes in the ionosphere. As of this time it is not known
whether or not this type of electric field noise is also
observed with satellitz-borne electric field experiments,

1. Origin. In considering the origin of this pre-
cession-modulated noise, several factors strongly suggest
that the noise is not a naturally occurring phenomena in the
ionosphere, independent of the presence of the rocket. First,
the orientation modulation of the noise intensity for the
three orthogonal electric antennas, with an essentially

identical "on-off" intensity variation for all three ortho-

gonal antennas, is inconsistent with any expected antenna

pattern effect for the detection of ambient electrostatic
waves. Antenna bias variations which possibly could simul-
taneously affect the coupling of all the antenna elements
to the surrounding plasma can be shown to be negligible
from measuremencts of the floating potential of the antenna

elements obtained during the flight. Common-mode noise on
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the spacecraft body (coupled simultaneously to all the re-
ceivers through unbalanced antenna impedances) does not

seem to be a possibility because of the poor correlation
between signals from various antenna elements and the com-
parable noise intensity observed with the balanced x-and y-
axes and unbalanced z-axis (which uses the payload body as
one element of the antenna) antennas. Second, the dependence
of the noise intensity on the z-axis orientation of the pay-
load suggest that the noise generation is somehow related

to the physical asymmetry of the payload. Since the last
stage rocket bottle, which is relatively large (approximately,
0.38 meters in diameter by 1.23 meters long), remained at-
tached to the payload, the z-axis dependence suggests that
the noise may be generated by an interaction between the
rockeF bottle and the surrounding plasma, possibly a wake
effect or a plasma instability caused by currents produced
from the V X B potential gradient of the conducting skin of
the rocket bottle.

2. Wavelength. Several factors suggest that the

wavelength of the low-frequency electric antenna noise is
short compared to the length of the long electric antennas.

First, the ratio of the noise voltages for the short and
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long Ey antennas is about 1:3. Since the length ratios of
the short and long antennas is about 1:7.5, it is seen that
the field intensity observed by the long antenna is too small
by about a factor of 2.5 if the wavelength is long compared
to the antenna length (electric field constant between the
elements). This discrepancy can be accounted for if the
wavelength is short compared to the long antenna length.
Second, the relative phases of the electric field detected

by the various dipole elements are uncorrelated. This lack
of correlation can be accounted for only if the wavelength

is short compared to the distance between the elements.
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V. HIGH FREQUENCY ELECTROSTATIC NOISE

Electrostatic noise with frequencies from about 5
to 30 kHz was observed throughout the flight with all the
electric dipole antennas. Typical frequency-time spectra
of this noise are shown in Figures 4 and 5 at two dilferent
times during the fl.ght.

During the early part of the flight from 480 to 579
km altitude, illustrated in Figure 4, this high-frequency
electrostatic noise appears as a series of noise bursts, each
burst lasting about 5 seconds and correlated with the z-axis
orientation of the payload. The noise bursts occur essentially
simultaneously on all the electric antennas as the angle
between the z-axis and the geomagnetic fiela decreases from
about 180° to about 20° (see Figure 4). The noise intensity
for all the long electric antennas is about 0.5 to 1.0 mV
AC potential difference between the elements. For the short
electric antennas the noise is almost undete:table, probably
because of the decreased sensitivity nf -re shorter antennas.
Since no magnetic component could be det~~ted with the loop
antennas, we conclude that the noise is electrostatic (no

magnetic field), to within the sensitivity limit of the
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magnetic receivers used. The frequency-’'r- :nactra of the
noise burst- shown in Figure 4 t:ve casid.rable fine struc-
ture, sometimcs consisting of closely spaced tones giving the
noise bursts a characteristic 'finger print'" appearance on
the frequency-time spectrograms. From about 270 to 275
seconds in Figu.e 4 several distinct frequency bands appear
in the frequency-time spectra which are associated with
harmonics of the proton gyrofrequency (see discussion in the
next section). From the step-frequency receiver data the
noise spectral density is peaked at about 30 kHz below 420
km altitude, decreasing to about 22 kHz at 520 km altitude,
at which point the transmitter failed and no further ampli-
tude data could be obtained.

At an altitude of about 600 km (about 280 seconds)
on the upgoing portion of the trajectory, the noise bursts
shown in Figure 4 appear to gradually merge into a nearly
steady band of noise with a sharply defined lower cutoff
frequency similar to that shown in Figure 5 later in the
flight. The frequency-time spectra of this high-frequency
electrostatic noise band remain qualitatively similar to
that shown in Figure S for the remainder of the flight.

As illustrated in Figure 5 the noise spectrum continues to
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display a dependence on the z-axis orientation of the pay-
load consisting of sharp nulls in the noise intensity of
all the electric antennas when the z-axis of the payload is
pointing upward, parallel to the geomagnetic field (ez =
180°, see Figure 5). The lower cutoff frequency of the noise
band varies systematically during the downward portion of
the flight, from about 6.8 kHz at apogee (801 km altitude)
to about 8.0 kHz at about 300 km altitude where the noise
gradually disappears. The broad-band (650 Hz to 10 kHz)
noise intensity during the downward portion of the flight,
as estimated from the frequency-time spectrograms, is com-
parable to the intensity observed during the upgoing portion
of the flight before the transmitter failure.

Discussion

In comparing these observations with results from other
experiments, it is evident that ceortain features of the high-
frequency electrostatic noise band observed on this flight
are very similar to the lower-hybrid-resonance (LHR) noise
observed at high lat.iudes with electric dipole antennas on
the Alouette 1 and 2, and OGO 2 satellites [Barrington et al.,
1963; Brice and Smith, 1964, 1965; McEwen and Barrington,

1967; Laaspere et al., 1969). The specific points of
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comparison are as follows. First, LHR noise observed with
satellites is generally electrosta“tic, since it is seldom
observed with magnetic loop antennas [Gurnett, 1968; Laaspere
et al., 1969], as is the high frequency electrostatic noise
observed with this experiment. Second, LHR noise observed
with satellites usually has a sharply defined lower cutoff
frequency, believed to be the LHR frequency of the ambient
plasma. The lower cutoff frequency of the high frequency
electrostatic noise observed during the latter portion of this
flight (after 300 seconds) is close (+ 10%) to the expected
LHR frequency in the aurcral zone for the altitude range of
this flight. During the early portisn of the flight, how-
ever, the frequency spectrum, orientation dependence, etc.,
of the high frequency electrostatic noise is not corparable
to any satellite observations of LHR noise.

1. Origin. Probubly the most striking feature of
the high frequency electrostatic noise is the similar z-axis
orientation dependence observed on all the electric antennas.
Much as for the low frequency electrostatic noise dis-ussed
in the previous section, this orientati~-n dependence cannot
be explained by any expected antenna pattern effect for the

detection of ambient electrostatic waves. The dependence
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of the noise spectrum and intensity on the z-axis orienta-
tion of the payload suggests that the noise may be generated
by an interaction between the payload and the surrounding
plasma. Since this noise may be related to the LHR noise
obzerved by satellites, this is the first evidence suggesting
that the LHR noise observed by satellites may not be a
ratrural noise paenomena in the ionosphere, but may, in fact,
be generated by an interaction between the spacecraft and the

surrounding medium.
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VI. PROTON GYROFREQUENCY HARMONICS

From approximately 270 to 282 seconds d?ring the
upgoing portion of the flight, a series of attenuation bands
at harmonically related frequencies occurred in the noise
bursts as shown in Figure 4. A preliminary report of these
dz=a has been published by Mosier and Gurnett [1969]; in
this section, a more detailed discussion will be presented.
The attenuation bands, shown with an expanded frequency-time
scale ir Figure 6, are each about 100 Hz wide and are located
at freocuencies corresponding to harmonics of the proton gyro-
frequency, up to the eighth harmonic.

The upper and lower cutoff frequencies of each atten-
uation band were measured from further expanded frequency-
time spectrograms and are given in Table 1. The error limits
given reflect the estimated uncertainty in determining the
cutoff frequencies from the spectrograms, the cutoff fre-
quencies being defined as the frequency at which the noise
intensity is reduced by about 10 dB from the adjacent noise

bznd. The proton gyrofrequency, f_ _, at the position of the

gp
pavlocad was calculated from the Jensen and Cain [1962]

spherical harmonic expansion for the geomagnetic field. The
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harmonics of the proton gyrofrequency are given in Table 1
for comparison with the corresponding cutoff frequencies.

The error limits given for the proton gyrofrequency harmonics
(= i%) are due to accuracy limitations of the Jensen and Cain
expansion for the geomagnetic field, and have been estimated
from previous proton gyrofrequency measurements [Gurnett and
Shawhan, 1966].

Comparing the observed cutoff frequencies with the
harmonics of the proton gyrofrequency, as given in Table 1,
it is seen that the protor gyrofrequency harmonics are
generally within the attenuation bands. This conclusion is
illustrated in Figure 7 which shows the relationship between
the upper and lower cutoff frequencies of each attenuation
band, the adjacent noise bands, and harmonics of the proton
gyrofrequency.

Discussion

Effects at gyrofrequency harmonics are well known for
a hot plasma with a static magnetic field [Gross, 1951;
Bernstein, 1958; Stix, 1962; and others}. The basic har-
monic interacticn mechanism can be illustrated by considering

the electric field force, F, of a wave

F « exp [ikx - iwt]
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which is acting on a thermal particle orbiting in a static
magnetic field. (Let the x-axis be perpendicular to the
static magnetic field.) Since the zero-order x-axis motion
of the particle is x = R, Sin ugt (R, = gyroradius, o_ =

4
gyrofrequency), we have

F « exp {ikR, Sin ugt - iwt],

which by a well known Bessel function identity [G. N. Watson,

1922] can be written

Fe ] J (kR,el(tg ~ o)t
n=-e

where Jn is the nth order Bessel function. It is seen from
the above expression that resonance effects occur at all the
gyrofrequency harmonics (nug - w = 0). The "strength" of
the harmonic interaction, Jn(kR;)» is controlled by the
ratio of the gyroradius to th: wavelength perpendicular to
the static magnetic field, ~kR,.

For electrostatic waves propagating perpendicular to
the static magnetic field, Bernstein [1958], considering the
collective =ffects of all the particles for a Maxwellian

velocity distribution, has shown that the dispersion relation



consists of an infinite number of branches, with each branch
bounded by adjacent gyrofrequency harmonics. These "Bern-
stein modes'" have been extensively investigated by a number
of authors [Stix, 1962; Crawford, 1965; Fredricks, 1968].

For non-Maxwellian velocity distributions, such as a beam of
particles gyrating about the static magnetic field, the Bern-
stein modes readily become unstable [Crawferd, 1965] leading
to noise emission in bands associated with the gyrofrequency
harmonics.

Radiation from laboratory plasmas at harmonics of the
electron and ion gyrofrequency has been reported and studied
by several investigators, including Landaver [1962], Bekefi
et al. [1962], Tanaka and Kubo [1964], and Yamanoto and
Suita [1908]. Crawford and Weiss [1966] have experimentally
investigated the propagation of electrostatic electron cyclo-
tron harmonic waves across a magnetic field in a laboratory
plasma and have provided an excellent verification of the
dispersion relation derived by Bernsteir. Similar propagation
effects at harmonics of the electron gvrofrequency have been
observed in the ionosphere with the ionospheric sounder on the
Alouette sateilites [Calvert and Goe, 1963; Fejer and Calvert,

1964; Sturrock, 1965]. Sato et al. [1967] have investigated the
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propagation of electrostatic ion cyclotron waves in a labor-
atory plasma.

With this background of known plasma wave phenomena
2ssociated with gyrofrequency harmonics, it is not surprising
that noise associated with harmonics of the nroton gyro-
frequency is observed in the ionosphere. The effects observed
at harmonics of the proton gyrofrequency during this flight
are to our knowledge the first confirmed observations of ion
gyrofrequency harmonic effects in the ionosphere.

1. Cuvtoff Frequencies. For a Maxwellian velocity

distribution Fredricks [1968] has shown that if a stop band
occurs for a Bernstein mode, then the upper frequency limit
of the stop band is at a harmonic of the gyrofrequency.
This result does not agree with the frequency limits of the
attenuation bands observed during this flight, for which
the gyrofrequency harmonic is generally within the attenua-
tion band (see Figure 7).

The failure of the Bernstein modes for a Maxwellian
plasma to predict the correct cutoff frequencies may be
accounted for in many ways. The velocity distribution
function is almost certainly non-Maxwellian because the

payload is flying through or near a proton aurora {L. A.
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Frank, personal communication] and the plasma is clearly un-
stable, therefore, non-Maxwellian. Also the wavelengths may
be so small that doppler shift effects are important.

2. Wavelength. Figures 4 and 6 illustrate that the

attenuation bands are particularly clear on the short
electric antennas. Comparison of the electric antenna noise
intensities during the period from 271.0 to 274.0 seconds
reveals that the high-band (650 Hz to 10 kHz) amplitudes for
the short and long electric x-axis antennas are very nearly
equal, about 1.0 mV AC potential difference between the
antenna elewents. These amplitudes strongly suggest that
the wavelength of the noise observed is short compared to
the long antenna length (3.16 meters), since the AC potential
difference is independent of the antenna length. This
wavelength is generally consistent with the characteristic
length expected for gyrofrequency harmonic interactions,

on the order of the mean gyroradius, or about 2 meters for

thermal protons in the ionosphere.
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TABLE 1

Frequencies of Attenuation Jands and

Corresponding Proton Gyrofrequency Harmonics

271 to 274 Seconds
(fgp = 664,3 Hz = 1%)

Cutof{ Frequency (Hz) Harmonic of Proton
Lower Upper Gyrofrequency (Hz)

3448 £ 25 3619 * 16 ngp = 3471 + 34
4173 + 25 4258 + 25 6fgp = 4165 + 41

4883

|+

30 4987 + 25 7fgp = 4860 < 48
5356

|+

40 5650 + 35 8t = 5554 #+ 55
8P

280 to 281 Seconds
(fgp = 690.2 Hz + 1%)

-

Cutoff Frequency (Hz) Harmonic of Proton

Lower Up = “yrofrequency (Hz)
AR 827 + 42 £f = 690 &+ 7

- gp
1326 + 20 | 1360 + 13 ngp = 1380 + 14
2022 + 25 | 2099 £ 35 ngp = 2070 £ 21
2647 £ 37 | 3800 + 37 Af = 2760 &+ 28

gp

*2Could not be determined from data.
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FIGURE CAPTIONS

Sketch showing the relative orientation and loca-
tion of the VLF antennas.

Low-band electric field amplitudes.

Frequency spectra of the low-frequency electric
field noise bursts.

Frequency spectra of the high-frequency electric
field rois= observed early in the flight.

Typical frequency spectra of the high-frequency
electric field noise observed after about 230
seconds.

Attenuation tands at harmonics of the pru on gyro-
frequency.

Relationship between the attenuation bands, the
adjacent noise bands aad the proton gyrofrequency

harmonics.



35

B-G69-10
6 Z LONG
!
X SHORT Y SHORT
\ ORTHOGONAL LOOP
ANTENNAS

JAVELIN 8.46

Figure 1



36

Zz ®andt4g

(WX)- 30nLILTV

812 6266  2'€SS 8€IS YOb  SO2¢ YOLE 8'8I¢ 992 66l
- T I I Ll T T -
2 J.06 Z¢
S ] ,0
3 _ 4 +06 ‘e
F \ “—+—] 0.
w\/\7\<<§ _ 1.06 "o
. <08l
F V j g 3 3 ro mm
- % ,_ . 1 . .m;ﬂ.
o b _ 1 M p ] 25
E [ u k3 3 o4 2 m
— S
B | ! “ 1 _L ¥ \ |
: 3 _f
- 3 b 300
- _ | -
3 3 J01 7
L .+ | + .
- 1 I ; ]
.?Jxﬁas | J?% }J{ \, o0
| _H ;
R m A i m
E ‘ 3 401 mm
I 1 { =
o T ] mm
3 2 EFVEL
LYOHS L8OHS | LHOHS HOLVOIONI
- ) LHOHS-9NO1
SEN — A
o0t 082 092 ove 02 ozl

(SAONOD3S) 3INIL
v921-899-0

(SLTOAITHN) 3ANLINTINY ONVB MO



568-1072-
TELEMETRY NOISE ~

X SHORT | X LONG s | oSHORT

E
#
z
e
>
K2
.
fat
d
o
Lt
i
1

&z (DEGREES)

TIME SEC

Figure 3




TELEMETRY NOISE

X-SHORT ,

#y
b 0
i
b o
L
L
il
-
o
fad
o
L

©

5

250
TIME (SEC)

Figure 4




GBE-1072

TELEMETRY NOISE

0 }{ ONG P X-SHORT

e
T
2%
e
L2
<
Ll
3
lad
x
e

0 Y —SHORT

2l

ST

{IME (S5EC)

Figure 5




g dandiyg

{ZH) ADN3NO3Y40HAD NOLOYHd

RS

(M) 3anLily

992 (035) 44014171 WOH4 WL

b }- 0

e

SOINOWHYH
AJNINOIH JI0HAD
NOLOYd OL

qlvyy
SONYE ISION=—"

(ZHM) AON3NC3M4

g
€
- b
S
t- o
g
8
&

I T -

- UNNIINV ONO ——e- UNNIINY wm@ﬁt’fg VNNILINV ONC —w

26308




41

L dandtg

(ZHX) AON3INDIN 4

auwm aowm nowb uo*w ao*m QOuQ aowm covN now
L | o s b _ ¢ _ 2 _ | _ 0
bega g cab st b aar g bbb c g by saibbr s g bbb g st
]Ad-—-—_-—aJJ‘_‘—#-d-_d_--—--_-_—_——_—J_\—.-—d-_—qd-—_.-_I-
N N Y N. 2 pavzzczs, .
y . SANVS
— ~ - —~— -~ NOISSIN3
ZH n.vmwu%u 2H 2'069= aou
‘238 £22+°) *23s 082 +°1

1-6-699-V



UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATING ACTIVITY (Corporate uuthot) 28 REPORY SECURITY C LASSIFICATION

University of Iowa UNCLASSIFIED

2b GROUP

Department of Physics and Astronomy

3. REPORT TITLE

VLF Electric and Magnetic Fields Observced in the Auroral Zone with
the Javelin 8.46 Sounding Rocket

4. DESCRIPTIVE NOTYES (Type of report and inclusive dates)

Progress February 1969

S. AUTHOR(S) (Last name. first name, initial)

Donald A. Gurnett and Stephen R. Mosier

6. REPORT DATE 74 TOTAL NO. OF PAGES 7b. NO. OF REFS
February 1969 44 30
8a. CONTRACT OR GRANT NO. 98 ORIGINATOR’S REPORT NUMBER(S)
Nonr 1509(06)
b. PROJECT NO. U. of Iowa 69-12
c. 8b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
d.

’TO. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTVITY

Office of Naval Research

13. ABSTRACT

Results of the Javelin 8.46 VLF electric and magnetic fields
experiment flown from Ft. Churchill, Canada, on May 25, 1968, are
discussed. This experiment carried three orthogonal magnetic loop
antennas, three orthogonal long (3.16 meters) electric dipoles,
two short (42 cm) electric dipoles, and six wideband (30 Hz to 10
kHz) receivers for amplifying signals from the various VLF antennas.
Intense noise bursts with frequencies less than about 1.5 kHz were
observed on all the electric antennas below 500 km altitude, but
not on the loop antennas. The precession and spin modulation of
these noise bursts suggest that the noise is generated by an in-
teraction between the payload and the surrounding plasma. High
frequency electrostatic noise bursts, from 5 to 30 kHz, were ob-
served throughout the flight. These noise bursts, similar in some
respects to lower-hybrid-resonance noise commonly observed with
satellite VLF electric field experiments, also appear to involve
an interaction between the payload and the surrounding plasma.
Attenuation bands at harmonics of the proton gyrofrequency were
also found in the frequency spectra of electric field noise ob-
served during a portion of the flight.

DD .%2%. 1473

UNCLASSIFIED

Security Classification




1INCILASSIEIED

Security Classification

14.
KEY WORDS

LINK A LINK B LINK C

ROLE ROLE wT ROLE wT

VLF Electric and Magnetic Fields

Auroral Zone, Javelin 8.46 Sounding

Rocket

in

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate suthor) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
“Restricted Data’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 ‘as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifice-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first nema, midd!le initial.
If mititary, show rank and branci of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year, or month, year. If more than onc date appears
on the report, use date cf publicatien,

7a. TOTAL NUMBEK OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, &, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
eial report number by which the document will be identified
and controlled by the originating activity. This number must
be uniqu: to this report.

9., OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification. using standard statements
such as:

(1) ‘**Qualified requesters may obtain copies of this
. report from DDC."’

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized.””

(3) *“U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

”

(4) ‘'U. S. military agencies may obtain copies of this

: report directly from DDC, Other qualified users
shall request through

”

(5) *¢All distribution of this report is controlled Qual-

ified DDC users shall request through

”
»

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or l1aboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though

it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, representegi as (TS), (S). (C), or (U).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

FORM
1 JAN €4

DD 1473 (BACK)

UNCLASSIEIED

Security Classification



